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PREFACE

The process of setting waterfowl hunting regulations is conducted annually in the United States. This process involves a
number of meetings where the status of waterfowl is reviewed by the agencies responsible for setting hunting regulations.
In addition, the U.S. Fish and Wildlife Service (USFWS) publishes proposed regulations in the Federal Register to allow
public comment. This document is part of a series of reports intended to support development of harvest regulations for
the 2001 hunting season. Specifically, this report is intended to provide waterfowl managers and the public with
information about the use of adaptive harvest management (AHM) for setting duck-hunting regulations in the United
States. This report provides the most current data, analyses, and decision-making protocols. However, adaptive
management is a dynamic process, and information presented in this report may differ from previous reports.
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EXECUTIVE SUMMARY

In 1995, the USFWS adopted the concept of adaptive resource management for regulating duck harvests in the United
States. The adaptive approach explicitly recognizes that the consequences of hunting regulations cannot be predicted with
certainty, and provides a framework for making objective decisions in the face of that uncertainty.

The original AHM protocol was based solely on the dynamics of midcontinent mallards, but efforts are being made to
account for mallards breeding eastward and westward of the midcontinent region. The ability to regulate harvests on
mallards originating from various breeding areas is complicated, however, by the fact that a large degree of mixing occurs
during the hunting season. The challenge for managers, then, is to vary hunting regulations among flyways in a manner
that recognizes each flyway’s unique breeding-ground derivation of mallards. For the 2001 hunting season, the USFWS
will continue to consider a regulatory choice for the Atlantic Flyway that depends exclusively on the status of eastern
mallards. This arrangement continues to be considered provisional, however, until the management implications of this
approach are better understood. The recommended regulatory choice for the western three flyways continues to depend
exclusively on the status of midcontinent mallards.

For the 2001 season, the USFWS is maintaining the same regulatory alternatives as those used during 1997-2000. The
prediction of harvest rates associated with these regulatory alternatives now must account for the possibility of a
regulatory choice in the Atlantic Flyway that is different from other flyways. Analyses suggest that the harvest rates of
midcontinent mallards depend almost completely on regulatory choices in the three western flyways. Harvest rates of
eastern mallards, however, depend not only on the regulatory choice in the Atlantic Flyway, but on the regulatory choice
in the remainder of the country (principally the Mississippi Flyway). We accounted for this dependency in the calculation
of an optimal regulatory strategy for the Atlantic Flyway.

Optimal regulatory choices for the 2001 hunting season were calculated using: (1) stock-specific harvest-management
objectives; (2) the same regulatory alternatives as in 2000; and (3) four alternative population models and their updated
weights for midcontinent mallards, and eight alternative models for eastern mallards, equally weighted. Based on this
year’s survey results of 8.7 million midcontinent mallards (federal surveys plus state surveys in MN, WI, and MI), 2.7
million ponds in Prairie Canada, and 1.0 million eastern mallards, the optimal regulatory choice for all Flyways is the
liberal alternative.

The AHM Working Group continues to pursue a number of priorities in the development of AHM. Foremost among
these are efforts to incorporate multiple mallard stocks, as well as other duck species, in the decision-making protocols of
AHM. Progress with mallards has been slowed somewhat, however, by the need to review all the data and models for all
mallard stocks, and by the need to consider how regulations based on mallards might affect those of other species.
Ultimately, the ability to take advantage of variation in stock-specific harvest potentials will be influenced by stock-
specific harvest-management objectives (which remain unclear), and by our ability to regulate stock-specific harvests
(which is imprecise). Therefore, the AHM Working Group is attempting to better articulate the issues of concern in the
future development of AHM, and to provide useful guidance to the USFWS, Flyway Councils, and other stakeholders.



BACKGROUND

The annual process of setting duck-hunting regulations in the United States is based on a system of resource monitoring,
data analyses, and rule making (Blohm 1989). Each year, monitoring activities such as aerial surveys and hunter
questionnaires provide information on harvest levels, population size, and habitat conditions. Data collected from this
monitoring program are analyzed each year, and proposals for duck-hunting regulations are developed by the Flyway
Councils, States, and USFWS. After extensive public review, the USFWS announces a regulatory framework within
which States can set their hunting seasons.

In 1995, the USFWS adopted the concept of adaptive resource management (Walters 1986) for regulating duck harvests
in the United States. The adaptive approach explicitly recognizes that the consequences of hunting regulations cannot be
predicted with certainty, and provides a framework for making objective decisions in the face of that uncertainty
(Williams and Johnson 1995). Inherent in the adaptive approach is an awareness that management performance can be
maximized only if regulatory effects can be predicted reliably. Thus, adaptive management relies on an iterative cycle of
monitoring, assessment, and decision making to clarify the relationships among hunting regulations, harvests, and
waterfowl abundance.

In regulating waterfowl harvests, managers face four fundamental sources of uncertainty (Nichols et al. 1995, Johnson et
al. 1996, Williams et al. 1996):

@) environmental variation - the temporal and spatial variation in weather conditions and other key features of
waterfowl habitat; an example is the annual change in the number of ponds in the Prairie Pothole Region, where
water conditions influence duck reproductive success;

2) partial controllability - the ability of managers to control harvest only within limits; the harvest resulting from a
particular set of hunting regulations cannot be predicted with certainty because of variation in weather conditions,
timing of migration, hunter effort, and other factors;

3) partial observability - the ability to estimate key population attributes (e.g., population size, reproductive rate,
harvest) only within the precision afforded by existing monitoring programs; and

4) structural uncertainty - an incomplete understanding of biological processes; a familiar example is the long-
standing debate about whether harvest is additive to other sources of mortality or whether populations compensate
for hunting losses through reduced natural mortality. Structural uncertainty increases contentiousness in the
decision-making process and decreases the extent to which managers can meet long-term conservation goals.

AHM was developed as a systematic process for dealing objectively with these uncertainties. The key components of
AHM (Johnson et al. 1993, Williams and Johnson 1995) include:

(N a limited number of regulatory alternatives, which describe Flyway-specific season lengths, bag limits, and
framework dates;

2) a set of population models describing various hypotheses about the effects of harvest and environmental factors
on waterfowl abundance;

3) a measure of reliability (probability or "weight") for each population model; and

4) a mathematical description of the objective(s) of harvest management (i.e., an "objective function"), by which
alternative regulatory strategies can be evaluated.

These components are used in a stochastic optimization procedure to derive a regulatory strategy, which specifies the
appropriate regulatory alternative for each possible combination of breeding population size, environmental conditions,
and model weights (Johnson et al. 1997). The setting of annual hunting regulations then involves an iterative process:



@8 each year, an optimal regulatory alternative is identified based on resource and environmental conditions, and on
current model weights;

2) after the regulatory decision is made, model-specific predictions for subsequent breeding population size are
determined;
3) when monitoring data become available, model weights are increased to the extent that observations of population

size agree with predictions, and decreased to the extent that they disagree; and
4) the new model weights are used to start another iteration of the process.

By iteratively updating model weights and optimizing regulatory choices, the process should eventually identify which
model is most appropriate to describe the dynamics of the managed population. The process is optimal in the sense that it
provides the regulatory choice each year necessary to maximize management performance. It is adaptive in the sense that
the harvest strategy “evolves” to account for new knowledge generated by a comparison of predicted and observed
population sizes.

MALLARD STOCKS AND FLYWAY MANAGEMENT

Significant numbers of breeding mallards occur from the northern U.S. through Canada and into Alaska. Geographic
differences in the reproduction, mortality, and migrations of these mallards suggest that there are corresponding
differences in optimal levels of sport harvest. The ability to regulate harvests of mallards originating from various
breeding areas is complicated, however, by the fact that a large degree of mixing occurs during the hunting season. The
challenge for managers, then, is to vary hunting regulations among Flyways in a manner that recognizes each Flyway’s
unique breeding-ground derivation of mallards. Of course, no Flyway receives mallards exclusively from one breeding
area, and so Flyway-specific harvest strategies ideally must account for multiple breeding stocks that are exposed to a
common harvest.

The optimization procedures used in AHM can account for breeding populations of mallards beyond the midcontinent
region, and for the manner in which these ducks distribute themselves among the Flyways during the hunting season. A
globally optimal approach would allow for Flyway-specific regulatory strategies, which for each Flyway would represent
an average of the optimal harvest strategies for each contributing breeding stock, weighted by the relative size of each
stock in the fall flight. This “joint optimization” of multiple mallard stocks requires:

@8 models of population dynamics for all recognized stocks of mallards;
2) an objective function that accounts for harvest-management goals for all mallard stocks in the aggregate; and
3) modification of the decision rules to allow independent regulatory choices among the Flyways.

Joint optimization of multiple stocks presents many challenges in terms of modeling, parameter estimation, and
computation of regulatory strategies. These challenges cannot always be overcome due to limitations in monitoring and
assessment programs, and in access to sufficient computing resources. In some cases, it may be possible to impose
constraints or assumptions that simplify the problem. Although sub-optimal by design, these constrained regulatory
strategies may perform nearly as well as those that are globally optimal, particularly in cases where breeding stocks differ
little in their ability to support harvest, where Flyways don’t receive significant numbers of birds from more than one
breeding stock, or where management outcomes are highly uncertain.



Fig.1. Survey areas currently assigned to the mid-continent and eastern stocks of mallards for the
purposes of AHM. Delineation of the western-mallard stock for AHM is pending a review of
population monitoring programs.

MALLARD POPULATION DYNAMICS

Midcontinent Mallards

Midcontinent mallards are defined for AHM purposes as those breeding in federal survey strata 1-18, 20-50, and 75-77,
and in Minnesota, Wisconsin, and Michigan. Estimates of the entire midcontinent population are available only since
1992 (Table 1).

The dynamics of midcontinent mallards are described by four alternative models, which result from combining two
mortality and two reproductive hypotheses. Collectively, the models express uncertainty (or disagreement) about whether
harvest is an additive or compensatory form of mortality (Burnham et al. 1984), and whether the reproductive process is
weakly or strongly density dependent (i.e., the degree to which reproductive rates decline with increasing population size).
The model with additive hunting mortality and weakly density-dependent recruitment (SaRw) leads to the most
conservative harvest strategy, whereas the model with compensatory hunting mortality and strongly density-dependent
recruitment leads to the most liberal strategy (ScRs). The other two models (SaRs and ScRw) lead to strategies that are
intermediate between these extremes.



Table 1. Estimates (N)? of midcontinent mallards breeding in the federal survey area (strata 1-
18, 20-50, and 75-77) and in the states of Minnesota, Wisconsin, and Michigan.

Federal surveys State surveys Total

Year N SE N SE N SE

1992 5976.1 241.0 977.9 118.7 6954.0 268.6
1993 5708.3 208.9 863.5 100.5 6571.8 231.8
1994 6980.1 282.8 1103.0 138.8 8083.1 315.0
1995 8269.4 287.5 1052.2 130.6 9321.6 304.5
1996 7941.3 262.9 945.7 81.0 8887.0 275.1
1997 9939.7 308.5 1026.1 91.2 10965.8 321.7
1998 9640.4 301.6 979.6 88.4 10620.0 314.3
1999 10805.7 344.5 957.5 100.6 11763.1 358.9
2000 9470.2 290.2 1031.1 85.3 10501.3 302.5
2001 7904.0 226.9 779.7 59.0 8683.7 234.5

#|n thousands.

The optimization of hunting regulations for midcontinent mallards accounts for two other sources of uncertainty.
Uncertainty about future environmental conditions is characterized by random variation in annual precipitation, which
affects the number of ponds available during May in Canada. There also is an accounting for partial controllability, in
which the link between regulations and harvest rates is imperfect due to uncontrollable factors (e.g., weather, timing of
migration) that affect mallard harvest. A detailed description of the population dynamics of midcontinent mallards and
associated sources of uncertainty are provided by Johnson et al. (1997) and in Appendix B.

A key component of the AHM process for midcontinent mallards is the annual updating of model weights via Bayes
Theorem (Appendix C). These weights describe the relative ability of the alternative models to predict changes in
population size, and they ultimately influence the nature of the optimal regulatory strategy. Model weights are based on a
comparison of predicted and observed population sizes, with the updating leading to higher weights for models that prove
to be good predictors (i.e., models with relatively small differences between predicted and observed population sizes)
(Fig. 2). These comparisons account for sampling error (i.e., partial observability) in population size and pond counts, as
well as for partial observability and controllability of harvest rates.

The AHM learning process based on Bayes Theorem is a logical, unbiased approach for discriminating among alternative
models. It does, however, have its limitations. We must assume that the most appropriate model remains so over time, or
that changes will be gradual enough that they can be recognized by shifts in model weights. Also, the rate at which model
weights can change over time is dependent on the components of variation (or uncertainty) that are accounted for in the
updating process. Not all sources of uncertainty are easily quantified, and their omission can lead to changes in model
weights that are unrealistically rapid. Finally, and most importantly, the updating process determines only the relative
ability of the alternative models to predict changes in population size. Any conclusions about the validity of the
ecological mechanisms represented in the models (e.g., additive hunting mortality) are necessarily limited.

When the AHM process was initiated in 1995, the four alternative models of population dynamics were considered equally
likely, reflecting a high degree of uncertainty (or disagreement) about harvest and environmental impacts on mallard
abundance. Considering all years since 1995, the two models incorporating compensatory hunting mortality have been
poor predictors of changes in population size (Table 2). Of the two remaining models, the model with strongly density-
dependent reproduction has been strongly favored since last year.
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Table 2.
midcontinent mallard population dynamics.

Temporal changes in probabilities ("weights") for alternative hypotheses of

Weights =

imposed to prevent models from being eliminated from the model set.

0.00001 represent minimum values

Model weights

Mortality Reproductive

hypothesis hypothesis 1995 1996 1997 1998 1999 2000 2001

Additive Strong density 55000 065479 053015 0.61311  0.60883 0.91205  0.97466
dependence

Additive Weakdensity o000 034514 046872 0.38687 0.38416 0.08793  0.02532
dependence

Compensatory  Strong density >0 000006  0.00112  0.00001  0.00001  0.00001  0.00001
dependence

Compensatory Weak density  ,0000 000001  0.00001 0.00001 0.00700 0.00001  0.00001

dependence




Eastern Mallards

For purposes of AHM, eastern mallards are defined as those breeding in southern Ontario and Quebec (federal survey
strata 51-54 and 56) and in the northeastern U.S. (state plot surveys; Heusmann and Sauer 2000) (Fig. 1). Estimates of
population size have varied from 856 thousand to 1.1 million during since 1990, with the majority of the population
accounted for in the state surveys (Table 3).

Table 3. Estimates® of mallards breeding in the northeastern U.S. (state plot surveys) and
eastern Canada (federal survey strata 51-54 and 56).

State surveys Federal surveys Total

Year N SE N SE N SE

1990 665.1 78.3 190.7 47.2 855.8 914
1991 779.2 88.3 152.8 33.7 932.0 94.5
1992 562.2 47.9 320.3 53.0 882.5 71.5
1993 683.1 49.7 292.1 48.2 975.2 69.3
1994 853.1 62.7 219.5 28.2 1072.5 68.7
1995 862.8 70.2 184.4 40.0 1047.2 80.9
1996 848.4 61.1 283.1 55.7 1131.5 82.6
1997 795.1 49.6 212.1 39.6 1007.2 63.4
1998 775.1 49.7 263.8 67.2 1038.9 83.6
1999 879.7 60.2 212.5 36.9 1092.2 70.6
2000 757.8 48.5 132.3 26.4 890.0 55.2
2001 807.5 51.4 200.2 35.6 1007.7 62.5

2 In thousands.

The current model set for eastern mallards includes eight alternatives based on key uncertainties in reproductive and
survival processes. This model set captures uncertainty about the relationship between fall age ratios (i.e., young/adult)
and the Breeding Bird Survey (BBS) index, between the BBS index and actual population size as measured by federal and
state surveys, and between the BBS index and natural-mortality rates of females (Table 10). All eight models are
considered equally plausible given historic data. In constructing this model set we chose to focus on the nature of density-
dependent population regulation because of its pivotal role in determining sustainable harvest strategies. However, there
continues to be a need for a more comprehensive examination of environmental variables (e.g., precipitation) that might
influence survival and reproductive rates irrespective of population size. Mathematical details of the alternative models
for eastern mallards are provided in Appendix B and in Adaptive Harvest Management for Eastern Mallards: Progress
Report - January 13, 2000 (available online at http:\\www.migratorybirds.fws.gov/reports/reports.html).

Western Mallards

Western mallards have been defined as those breeding in the states of the Pacific Flyway (including Alaska), British
Columbia, and the Yukon Territory. The distribution of these mallards during fall and winter is centered in the Pacific
Flyway (Munro and Kimball 1982). Unfortunately, data-collection programs for understanding and monitoring the
dynamics of this mallard stock are highly fragmented in both time and space. This fact is making it difficult to aggregate
monitoring instruments in a way that can be used to reliably model this stock’s dynamics and, thus, to establish criteria for



regulatory decision-making under AHM. Another complicating factor is that federal survey strata 1-12 in Alaska and the
Yukon are within the current geographic bounds of midcontinent mallards. Therefore, the AHM Working Group is
continuing its investigations of western mallards, and hopes to recommend AHM protocols prior to the 2002 hunting
season (see Current AHM Priorities later in this report).

HARVEST-MANAGEMENT OBJECTIVES

Midcontinent Mallards

The basic harvest-management objective for midcontinent mallards is to maximize cumulative harvest over the long term,
which inherently requires perpetuation of the mallard population. Moreover, this objective is constrained to avoid
regulations that could be expected to result in a subsequent population size below the goal of the North American
Waterfowl Management Plan (NAWMP) (Fig. 3). According to this constraint, the value of harvest decreases
proportionally as the difference between the goal and expected population size increases. This balance of harvest and
population objectives results in a regulatory strategy that is more conservative than that for maximizing long-term harvest,
but more liberal than a strategy to attain the NAWMP goal (regardless of effects on hunting opportunity). The current
objective uses a population goal of 8.7 million mallards, which is based on the NAWMP goal of 8.1 million for the federal
survey area and a goal 0.6 million for the combined states of Minnesota, Wisconsin, and Michigan.

100 -

(o) ®
o o
I I

N
o
I

Harvest value (%)

population
goal =8.7

N
o
\

O\\\\\\\\.\\
o 1 2 3 4 5 6 7 8 9 10

Expected population size next year (in millions)

Fig. 3. The relative value of midcontinent mallard harvest, expressed as a
function of breeding-population size expected in the subsequent year.
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Eastern Mallards

The preliminary management objective for eastern mallards is to maximize long-term cumulative harvest. This objective
is subject to change once the implications for average population size, variability in annual regulations, and other
performance characteristics are better understood.

REGULATORY ALTERNATIVES

Evolution of Alternatives

When AHM was first implemented in 1995, three regulatory alternatives characterized as liberal, moderate, and restrictive
were defined based on regulations used during 1979-84, 1985-87, and 1988-93, respectively (Appendix F, Table F-1).
These regulatory alternatives also were considered for the 1996 hunting season. In 1997, the regulatory alternatives were
modified to include: (1) the addition of a very restrictive alternative; (2) additional days and a higher duck bag-limit in the
moderate and liberal alternatives; and (3) an increase in the bag limit of hen mallards in the moderate and liberal
alternatives. The basic structure of the regulatory alternatives has remain unchanged since 1997, although in 1998 the
U.S. Congress intervened to allow the option of extended framework dates and shorter seasons in some Mississippi
Flyway States (Table 4).

Predictions of Mallard Harvest Rates

Since 1995, harvest rates of adult male mallards associated with the AHM regulatory alternatives have been predicted
using harvest-rate estimates from 1979-84, which have been adjusted to reflect current specifications of season lengths
and bag limits, and for contemporary numbers of hunters. These predictions are based only in part on band-recovery data,
and rely heavily on models of hunting effort and success derived from hunter surveys (Appendix D). As such, these
predictions have large sampling variances, and their accuracy is uncertain. Moreover, these predictions rely implicitly on
an assumption that the historic relationship between hunting regulations (and harvest rates) in the U.S. and Canada will
remain unchanged in the future. Currently, we have no way to judge whether this is a reasonable assumption. We also
assumed that if hunting seasons were closed in the U.S., rates of harvest in Canada would be similar to those observed
during 1988-93, which is the most recent period for which reliable estimates from Canada are available. This is a
conservative approach given that we cannot be sure Canada would close its hunting season at the same time as the U.S.
Fortunately, optimal regulatory strategies do not appear to be very sensitive to what we believe to be a realistic range of
harvest-rate values associated with closed seasons in the U.S.

Predicted harvest rates of adult male mallards associated with each of the regulatory alternatives are provided in Tables 5
and 6 and Figs. 4 and 5. We made the simplifying assumption that the harvest rate of midcontinent mallards depends
solely on the regulatory choice in the western three Flyways. This appears to be a reasonable assumption given the the
small proportion of midcontinent mallards wintering in the Atlantic Flyway (Munro and Kimball 1982), and harvest-rate
predictions that suggest a minimal effect of Atlantic Flyway regulations (U.S. Fish and Wildlife Service 2000). Under
this assumption, the optimal regulatory strategy for the western three Flyways can be derived by ignoring the harvest
regulations imposed in the Atlantic Flyway. However, the harvest rate of eastern mallards is affected significantly by
regulatory choices beyond the Atlantic Flyway (U.S. Fish and Wildlife Service 2000). To avoid making the regulatory
choice in the Atlantic Flyway conditional on regulations elsewhere, we estimated the expected harvest rates of eastern
mallards when managers lack a priori knowledge of the regulation chosen in the western three Flyways. We did this by
taking a weighted average of the estimated harvest rates associated with each of the possible regulatory alternatives in the
western Flyways, for each possible regulatory alternative in the Atlantic Flyway. The weights were derived using
simulations of the midcontinent-mallard harvest strategy to determine the expected frequency of regulatory choices in the
western Flyways.

Adult female mallards tend to be less vulnerable to harvest than adult males, while young of both sexes are more

vulnerable (Table 7). Estimates of the relative vulnerability of adult females and young in the eastern mallard population
tend to be higher and more variable than in the midcontinent population.
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Table 4. Regulatory alternatives for the 2001 duck-hunting season.

Flyway
Regulation Atlantic? Mississippi® Central® Pacific
Shooting hours one-half hour before sunrise to sunset for all Flyways
Framework Oct 1 -Jan 20 Saturday closest to October 1 - Sunday closest to
dates January 20
Season length (days)

Very restrictive 20 20 25 38
Restrictive 30 30 39 60
Moderate 45 45 60 86

Liberal 60 60 74 107
Bag limit (total / mallard / female mallard)

Very restrictive 3/3/1 3/21/1 3/3/1 4/3/1
Restrictive 3/3/1 3/2/1 3/3/1 4/3/1
Moderate 6/4/2 6/4/1 6/5/1 71572

Liberal 6/4/2 6/4/2 6/5/2 71712

? The states of Maine, Massachusetts, Connecticut, Pennsylvania, New Jersey, Maryland, Delaware, West
Virginia, Virginia, and North Carolina are permitted to exclude Sundays, which are closed to hunting, from
their total allotment of season days.

® In the states of Alabama, Mississippi, and Tennessee, in the moderate and liberal alternatives, the
framework closing date is January 31 and season lengths are 38 days and 51 days, respectively.

° The High Plains Mallard Management Unit is allowed 8, 12, 23, and 23 extra days under the very
restrictive, restrictive, moderate, and liberal alternatives, respectively.

4 The Columbia Basin Mallard Management Unit is allowed seven extra days under the very restrictive,
restrictive, and moderate alternatives.
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Table 5. Predicted harvest rates of adult male midcontinent mallards under current regulatory

alternatives for the three western Flyways (assuming a negligible effect of Atlantic Flyway

regulations).

Harvest rate SE
Closed (U.S.) 0.0088 0.0030
Very restrictive 0.0526 0.0106
Restrictive 0.0665 0.0142
Moderate 0.1114 0.0266
Liberal 0.1305 0.0323
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Fig. 4. Probability density functions (pdf) of harvest rates of adult male midcontinent mallards
under current regulatory alternatives in the three western Flyways. (C = closed in U.S., VR =
very restrictive, R = restrictive, M = moderate, L = liberal)
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Table 6. Predicted harvest rates of adult male eastern mallards under current regulatory
alternatives for the Atlantic Flyway, based on expected frequencies of regulatory choices in the
three western Flyways.

Harvest rate SE
Closed (U.S.) 0.1100 0.0135
Very restrictive 0.1382 0.0205
Restrictive 0.1488 0.0223
Moderate 0.1661 0.0258
Liberal 0.1756 0.0278
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Fig. 5. Probability density functions (pdf) of harvest rates of adult male eastern mallards, under
current regulatory alternatives in the Atlantic Flyway. (C = closed in U.S., VR = very restrictive,
R = restrictive, M = moderate, L = liberal)
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Table 7. Mean harvest vulnerability (SE) of adult female and young mallards, relative to adult
males, based on band-recovery data, 1979-95.

Age and sex

Mallard Adult females  Young females Young males
population

Midcontinent ~ 0.748 (0.108)  1.188 (0.138)  1.361 (0.144)

Eastern 0.985 (0.145)  1.320 (0.264)  1.449 (0.211)

OPTIMAL REGULATORY STRATEGIES

We continue to use a constrained approach to the optimization of midcontinent and eastern mallard harvests. Rather than
a joint-optimization approach, we based the Atlantic Flyway regulatory strategy exclusively on the status of eastern
mallards, and the regulatory strategy for the remaining Flyways exclusively on the status of midcontinent mallards. This
approach was first used last year, and continues to be considered provisional until its implications for the harvests of
multiple mallard stocks and other species are better understood.

The optimal regulatory strategy for the three western Flyways was derived using: (1) current regulatory alternatives; (2)
the four alternative models and associated weights for midcontinent mallards; and (3) the dual objectives to maximize
long-term cumulative harvest and achieve a population goal of 8.7 million midcontinent mallards. The resulting
regulatory strategy (Table 8) is slightly more liberal than that in 2000, due to the increase in probability associated with
the hypothesis of strongly density-dependent reproduction. The optimal regulatory strategies based on midcontinent
mallards for the 1995-00 seasons are provided in Appendix F (Tables F-2 to F-7) so that the reader can assess how the
regulatory strategy has “evolved” over time. Blank cells in Table 8 (and in other strategies in this report) represent
resource conditions that are insufficient to support an open season in the U.S., given current regulatory alternatives and
harvest-management objectives.

We simulated the use of the regulatory strategy in Table 8 with the four population models and current weights to
determine expected performance characteristics. Assuming that regulatory choices adhered to this strategy, the harvest
value and breeding-population size would be expected to average 1.3 (SD = 0.4) million and 8.0 (SD = 1.0) million,
respectively.

Based on a midcontinent population size of 8.7 million mallards (federal surveys plus state surveys in MN, MI, and WI)
and 2.7 million ponds in Prairie Canada, the optimal regulatory choice for the Pacific, Central, and Mississippi Flyways in
2001 is the liberal alternative.

As last year, we optimized the regulatory choice for the Atlantic Flyway based on: (1) current regulatory alternatives; (2)
the eight alternative models of eastern-mallard population dynamics; and (3) an objective to maximize long-term
cumulative harvest. We were unable to update the weights for the eastern-mallard models due to uncertainty about recent
changes in band-reporting rate, and because of a suspected bias in the BBS index (see Current AHM Priorities later in this
report). Therefore, the optimal regulatory strategy for